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INTRODUCTION 


Diamoné drilling of some blast holes in stoping operations is practised 
nat least two iron mines in the Lake Superior district - the Soudan mine 
i the Oliver Iron Mining Co., on the Vermilion range at Soudan, Minn., and 
@ Anvil-Palms mine, operated by EAGraneS Mather & Co., on the Gogebic 
ace at Bessemer, lliche | 


Diamond drilling at the Soudan mine has partly replaced percussion 
tilling because of the e3 eee hardness of the ore and of the lean forma- 
im. According to Wolff, the jasper or lean formation in this mine is 
@ hardest rock regularly drilled in any commercial operation. 


_ Diamond drilling of blast holes at the Anvil~Palms mine is used to a 
limited extent because the ore is hard and because it occurs in a narrow 
vein underlain by an unstable footwall rock. 


Ll! The Bureau of Mines will welcome reprinting of this paper provided the 
following footnote acknowledgment is used: "Repri:ted from Bureau of 
Mines Information Circular 7317." | 7 

2] Mining engineer, Health and Safety Branch, Bureau of lines, Duluth, Minn. 

i] Supervising engineer, Health and Safety Branch, Bureauof Mines, Duluth, Minn. 

/ Wolff, W. P.,- Drilling in Stopes at the Soudan Iron Mine: Paper de- 
iversd at the regional meeting, Am. Inst. Mine and liet. Eng., Duluth, 
August 12, 1941, and published in Skillings! Mining Review in the 
September 13, 1941, issue. 
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No change in mining method is involved at the Soudan mine when ver- 
cussion drills are replaced by diamond drills. However, at the Anvil-P=! 
nine a stoping system of mining is substituted for the usual sublevel-ce- 
system to take advantage of the deep holes made possible with dianond dr: 
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SOUDA. MINE 


Iron ore was: discovered in 1865 on the vroperty now being operated 
as the Soudan mine. The ore body was prospected and exnlored in 1875, ~ 
the first shipment of ore fron the Soudan mine, in 1884, also had the di 
tinction of being the first snipment of iron ore from Minnesota. A totc 
of 12,627,326 tons was shipped from 1884 to 1943, inclusive, ond iron-or 
shivments from this mine in 1943 amounted to 215,000 long tons. 


The mine has a number of ore bodies, dipping steenly at 70° to &0° 
end occurring in three caifferent horizons. The ore bodies vary to 70 fe 
in thickness and to 500 feet in length. For best stoning conditions, an 
ideal ore body is 30 to 40 feet in width and 200 fects or more in length. 
The ore is very hard, dense hematite. In mass, it has a few parting sur 
faces, which tend to be horizontal, that aid in brealcing but are avoides 
in drilling. The wall rocks are usually sericite schist or chlorite sch 
commonly called greenstone, and are not competent as compared to the irs 
fornation. In many instances jasper occurs along the walls between the 
ore ond the greenstone and frequently as “horses"’ in the ores The bou- 
dary between ore and jasper often is not well-defined. 


Overating levels are 100 or 200 feet apart vertically. Develonnen: 
drifts are planned to be in greenstone, inasmuch as drifting in jasper i 
carefully avoided, The greenstone, or "rock" as it is called in the nir 
is in no way cxtraordinary. It compares well with othor hard rocks; it 
con be drilled faster but breaks less readily than avorage granite. Al- 
tnough this report is principally concerned with ore drilling in stopes 
rock and jasner are mentioned, and some drilling data are given to presé 
conparisons. 
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The mining method in use is back stoping and filling. When a drift 
sponing reaches an ore body, the first ore is taken out by "breast stoping" 
0 the full width and length of the ore body to a height of about 22 feet. 
‘ko breast is advanced in two benches, the bottom cut being about 13 fect 
‘n height and the top cut 9 feet (see fig. 1, a and B). In breast stoping | 
‘neretions all of the broken ore is loaded into cars with mechanical loaders. 
‘cllowing the breast-stoving operation, a drift is built by erecting timber 
scts and covering them with lagging. Cribbed. chutes: are then built along 
ze footwall side of the drift, and cribbed raise openings for-.manways are 
siilt along the hanging wall. Next, a raise is driven in the wall rock to 
2 level above; there may be two or three such raises if the stope is long 
ough; waste rock is durmed into the stope or drawn from the worked-out 
sone above. This waste is spread with scrapers and tusger hoists until 
he stone opening outside the drift and cribbed ovenings is filled to within 
/ feet of the back. 


“ith the first "f111" completed, back stoping begins, and the ore is 
-ined in successive cuts, each about l2 feet high. Following the opening 
“it in the back, drilling is done from the top of the ore pile (see fig. 1, 
>). The broken ore is drawm into the chutes with scrapers operated by three- 
iran tugger hoists. In spite of its hardness and the difficulty in drilling, 
tne ore breaks well, the tonnege broken for each foot of hole being fairly 
-orgee At times, mudcapping is used to break some of the larger chunks re-_ 
siting from the primary blasting. As. each stoping cut advances the raise 
penings are cribbed up, and the stope is again filled to within 7 feet. of 
cae back. 


Available diamond-drilling equipment is limited, so about 40 percent 
co the stope drilling is still done with percussion drills. Both stovers 
“i drifters are wet-tyve machines. Drifters with 3-1/2-inch pistons have 
rot proved successful when drilling in ore; their use gives some increase 
“2 drilling speed, but this advantage is lost in delays caused by excessive 
sreckage of drill bits end rods. They drill rather well in rock, but even 
in softer material a considerable amount of steel breaks. . | 


All percussion drilling is done with heavy, detachable cross bits, 
Wich are 2 inches in diameter and 2-1/2-inches in length when new, are 
loudle-tapered, have a center hole and have a cutting edge of 105°. The 
sits are reground and retemmered in the mine shop on the surface; each bit 
is treated an average of 5-1/2 times and is discarded when worn to a di- 
cacter of 1-23/32 inches, as clearance is too small for effective drilling. 


Drill rods are made from 1-1/8-inch round hollow steel 3 to & feet in 
Length. They are made in the mine shops with Leyner lugs on. the shanks 
ond ends threaded for bits. 


Table 1, sivine percussion-—drill-operation performance for April 1941, 
is of interest as it indicates that the effective life of the bits in green- 


sicne ig 10 times as long as in ore and jas per, and the rate of drilling is 
‘ive times as great in the greenstone. 
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TABLE 1. — Percussion—-drill operation 


Material drilled 


Jasver ; Greenstone! 7: 


Bits used....cccoee: (sham enmnneaete | - 507951 2,485 1,765 ud 
POCt OPI 116d yess Sewanee vanes exe | 105016 657 4,765 
Drilling timel/............+. minutes | 219,000 | 15,950 | 221,120 
Distance drilled, each bit,... inches|. 3.29 3.17 32.40 
Distance drilled a ninatel) o: soon AOe 055 49 2e(9 
BItS Wsed. 2 days 6s.c 6 os Sows Oe. daelee 1,741 118 i Sy 7 


1/ Drilling time is the total nelessed time after the machine is set polo) ae 
ready to drill, until drilling is finished. 


A change from hand-fed percussion drills to drills fed by automatic 
nechanical means was made largely to improve the working conditions of i 
operators. The intense vibration conveyed to the driller in adjusting ¢. 
screw feed was eliminated by the automatic mechanical feed. The user ct 
electrically operated diamond drills improves working conditions further 
since yeey are pane uncer ty noiseless in operation. 


Deter detachable bits were used, a big problem was the transportet 
of integrally forged~bit drills. In one instance, 138 drills were used 
drilling a single hole &7-1/2 inches in depth. The 1-1/4 inch hollow-st 
drills weigh 3.9 vounds a foot; and assuming the average drill nenehy: is 
foct, the weight of stccl used would total 2 »690 -pounds. 


Considcrable Seonony Adee from the use of detachable bits, as th 
aceregate weight of 138 bits would be about 100 pounds, ‘and only one or 
two sets of drill rods (from 3 to about 8 feet in length) are require? f 
each machine. When all drilling was done with percussion drills, as ne. 
as 3,500 detachable bits were used in a Gay. The bits. and renvlacement 4 
rods weighed about 3,000 nounds. If the same number of forged-bit drill. 
had been used, the agzregate weight would hnve been about 68,250 pounds. 


Furnishing bits for diamond drills at the working faces presents 1° 
problem. An average of 4 feet is drilled with a bit before it has to be 
redressed, and a drill runner can carry a. box containing 2 Bate under | 
arMe 


Two other methods of making blast holes were tried in the Soudan 73 
and, although unique in nature and found impractical, are believed wort! 
of a brief description. One method was to burn a hole with an oxyacct-] 
torch, using a 10-foot length of pipe for a burning tiv. Hine official: 
who witnessed the exneriment st<-ted that holes started easily and thrt 
progress was fairly rapid but that the pipe was also consumed. Later, : 
water~jecketed burning tip was developed and tried, with the result th-? 
holes of 8 and 10-foot depths were burned at rate of spvecd similar to | 
attained with the use of a diamond drill. 


The second method tried was to burn a hole with an electric arc. 
doing this, one electrode was grounded and the other was used for burni: 
tne hole. Holes to 4 feet in depth were burned. 
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tne advantages of diamont drilling over percussion drilling of blast 
soles in the Soudan mine stoves are now well-established. The early use 
>£ diamonds for stope drilling vas closely related to exploratory drilling 
and was made possible only because abrasive carbons were cheap at the time. 
"ne oresent-day use of diamonds for production drilling and its very renid 
Levelopment in a number of Canadian gold and copper mines, Australian gold 
sines, on the Rand in South Africa, and at the Soudan mine are possible be- 
>ause new techniques have made it practical to employ relatively low-priced 
>>rtz in diamond bits. The development of these new techniques was more 
closely related to the tool-making trade than to. any phase of mining. 


The first exneriments at the Soudan mine with voroduction diamond drill- 
ing were begun in June 1936. An electrically operated exploration drilling 
sachine, equipped with standard drill rods and core barrel, was used. The 
sachine had a hydraulic feed and was driven by a 10-horsepower motor. for 
test purposes it was equipped with special water pining anc gages and with a 
recording. wattmetcr. 


These exveriments Insted over a 10-month period and yielded a great 
iecl of carefully recorded data on speed, water pressure, bit pressure, 
norsepower, and the design of dits. Early in the program, bits of the 
"insert" type were tried but were replaced by solid-face ring-tyne bits. 
-nese were tested with two, four, and six waterways of various widths. 
Zcsts were run using "cast-set" bits, but their useful life was found to 
te too short in drilling hard ore, Ane they were discontinued in favor of 
tits with "impregnated" crowns. Other tests were run in ore, jasper, and 
rock with bits of varied densities and sizes of diamonds. . Similar tests 
vere made with bits having matrices of different hardness | 


Reena teal Publication 1172 of the American Institute of Mining and 
étallurgical Engineers2/ gives” a renort on uae’ tests, with some of the 
princinval resultse 


The specifications for bits that sown arom the ‘tests govern the 
vits that are being used today; they ares : : 


Ring-type bit with.a diamond-impregnated crown having six radial 
waterways, each 1/l6-inch in width. 


Size, EX special, p-d> 1-468 inches, 1.4. 1.000 “inch. 

Diamonds, 14-: to: 20—nesh in a medium—-hard matrix for drilling Ore. 

28—- to 35-mesh in a medium-soft natrix for drilling jasper. 
LO- to Li-nesh in a Meee nard matrix for drilling ore. 

These bits have a crom 1/l-inch high, of which about 85 vercent is 
consumed in useful drilling. For size comparison, the standard EX bit used 
in exploration has an outside diameter of 1.468 inches and an inside dianeter 
62 0.860 inch. - 


i/ Weslow, %. C. Use of Per ener Cemented Carbide for Core Bits: 
Am. Inst. Min. and Het. Eng. Tech. Pub, 1172, March 1940, 12 np. 
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The best drilling results were obtained with a hvdraulic pressure >: 
the bit of 1,500 to 1,600 pounds per square inch. Most of the drills ear 
being operated at a constant speed of 1,200 r.p.m. under varying pressure 
but drills are in use on which the bit speed and pressure are manually = 
justed according to the hardness of the meterial being drilled. These 
latter machines, like the otners, are electrohydraulicelly operated and 
thought to be ideally suited for the work. The drilling machines weigh 
avout 235 pounds. 


A brief test was run in January 1940 on a diamond drill operated vit 
compressed air. It was a column-mounted machine with a standard screvw-*: 
heed end a 10-horsepower vane-type motor. It drilled satisfactorily, 01! 
the air consumption was judged to be excessive. 


The following experience indicates further the extreme hardness of 
some ore in the Soudan mine. While drilling with percussion @rills ané 
forged—bit drills, a crew on one shift drilled 16 inches and used 165 ér: 
and on the following shift enother crew drilled 18 inches while using 17 
drills. An average of one-tenth inch was drilled with each drill, ené e' 
drill was in actual use an overage of 2 minutes. The average drilling r 
was 2e6 inches an hcur. 


A maxinum of 12 to 15 feet of hole a shift is drilled with a percus 
Grill. About 40 feet maximun end an average of 28 feet are drilled wits 
dianond drill, with actual drilling in »rogress for 6 of the & hours cc= 
prising a shift. Generally, drilling 40 feet of hole requires about 20 
changes of bits. 


Interesting comparative drilling—performance data from April to Oct 
1940 were obtained in a stope where the ore was uniforniy harder than ir 
other sections of the mine. These data are given in table 2. The 3./5- 
horsepower machines drilled 3,000 feet of holes during that time. The x 
formance of the 5-horsepower drill is for 1 month, for which data were 
available, and for comparison, the ‘performance of nercussion drills in 
same stopes during all of 1940 is given. 


Pa ol 


The advantage of the diamond drill] over the pnercvssion drill is a>- 
varent from the figures given, and the increased advantage of a machine 
with correct power and spced is also indicated. The table, of course, 
shows only the advantage gained in drilling speed. added to that is tx 
fact that the diamond drill can drill about three times as much holc-f: 
from a single set-up as a precussion drill, with a corresponding savins 
tine for setting up and tearing down machines. 


The performance of diamond drills at the oe mine since 1940 is 
summarized in table 3. 


In the natter of breaking ground, the long holes of the diamond ar 
ani the short holes of the percussion drill are about equal. Zach bre 
.ebout 2 tons of ore for each foot of hole. 
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TABLE 2. — Comnarative drill performance, inches 


3.(5-hp. 5-hp. 
Diamond |Diamond | Percussion 


drills drills drills 
Seance drilled a minute, elepsed timel/....../ 0.814 | 1.061 0.400 
sonce drilled a minute, actual drilling time) 1.243 | 1.760 1.200 
sence drilled with each bit used........-...| 24.21 | 21.59 _ 


=lansed time as used is the total time after the machine is ready to drill, 
until it is ready to be taken down. It includes all ordinary delays but 
rot the tine required to rig up or tear down. 


TABLE 3. - Diamond-drill performance 


Fset drilled |; Inch 


17 588-33 
o 55,215.05 | 
1543.......6.! 56,404.50 | 
Uh to June.| 29,172.68 | 


Since the advent of diamond drilling nt the Soudan ninc, there has 
seen an estinated reduction of 35 percent in the cost of blast—hole drill- 
1g, in addition to a 20-percent reduction obtained by substituting cdetach- 
“Dle bits for forged—bit drills. 3 


Holes drilled with bortz bits are about 1-1/2 inches in dianeter; they 
-re uniform in size fron start to finish and range in depths fron 10 to 20 
“set to suit the stope onerating cycle. They aro loaded with 45—percent 
sclatin dynamite, in &— by 1-1/8-inch cartridges, to within about 24 inches 
sf the collar. Seven-foot lengths of fuse mre capped with No. 6 detonators 
for making primers; about 15 inches of fuse projects from the hole after 
loading. Loaded holes are fired in groups, but the order of igniting the 
fuses results in charges detonating singly. | i 


The diamond drill definitely has established a place for itself in 
card-ore stoping conditions at the Soudan mine. It has been found adapta- 
cle to all stoping conditions in the mine; use of the diamond drill in 
srifting operations is in the experinental stage. 


in excellent start hed been made in proving the worth of diamond drills 
for mine-production drilling. Satisfactory bits are available, and the Ge- 
sign end construction of new machines, backed by sound engineering, are be- 
ing carried on by resnonsible manufacturers. Hard-rock mine operators con- 
stontly demand faster, cheaper drilling. The near future doubtless will 
sroduce further interesting and profitable developnents. 


ANVIL-PALMS MINE 


The first shipment of ore fron the Anvil-Palns nine was made in 1887. 
Over 15,000,000 long tons of high-grade hematite iron ore has been produced; 
sne current annual production rate is about 600,000 tons. 
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the ore occurs in two senarate veins which dip about 72° N., each 
vein averaging about 10 feet in thiclness. ‘he foot wall is quartzite, 
grading downward into slate and resting on a granite and greenstone base 
The hanging wall is lean iron formation. 


as stated in the introduction, diamond drilling of blast holes in + 
Anvil-Palms mine is being conductcd: on an exvcrimental basis, because cf 
the hordness of the ore end its occurrence in two narrow veins underlain 
by on unstable footwall rock. These conditions do not make mining by ei 
of the usual sublevel-caving or sublevel-stoping methods wholly desira>- 


The decision to exoerinent with diamond drilling of blast holes, iz 
conjunction with an open-stope system devised to give full advantage‘ t 
type of drilling, followed an insvection trip in the fall of 1941 or os 
Anvil—Palms mine officials in the Aldcrmac mine of the «\ldermac Copper 
Cornoration, Ltd., at Arntfield, Quebec, Cnnada; the torande mine of f:: 
liines, Ltd., Quebec, Caneda; and the Chesterville mine of the Chestervi! 
Larder Lake Gold Mining Co., Ontario, Ccnada, where diamond drilling of 
holes was in common use. 


“xcept for snall-scnle experimentation in the new-open-stope syster 
in the Anvii-Palns nine is mined by the well-known sublevel—caving and ; 
level-stoping systems. The new stoning system in use permits diamond 4: 
ing of deep blast holes, whicn is the chief advantage of this type of 4: 
ing as compared to percussion drilling. In percussion drilling the gaz 
the oit decreases from wear, and when the bit is changed one of smaller 
diameter is required. Due to the resultant narrowing diameter of the h: 
a oractical maximum working depth of hole is about 18 feet. In diamonc 
drilling the hole size remains constant, and desired practical depth 2 
hole is attainable. | 


Preliminary development for onen stoping includes driving a main : 
in the ore vein and manway raises at 150-foot intervals. The raises er 
continued until 014 caved areas or rock capping are encountered. At a 
height of 20 feet the raises are connected with a "scraping" drift, and 
a héight of 36 feet a "blasting subdrift" is driven, also connecting tz 
raises. "Drilling" drifts are then driven between the raises at 60- t: 
foot intervals above the blasting subdrift, until the caved workings or 
canning above is ecncountercd. Generally, two drilling drifts above tho 
blasting suocrift efford the most practical mining arrangement, but alr 
any variation can be planned, given favorable local conditions and a su 
ficient devth of ore. The number of blocks that may be developed is 1: 
ited only by the continuity of the ore or by the desired planning proc< 
A "brenking raise" is driven at the end of a block, generally at a bree 
in the continuity of the ore vein. After this raise reaches a desircd 
heicht it is "slashed" between the foot wall and the hanging wall. Ir 
neantime, mill raises, on 10—foot centers, have been driven from the sc 
ing drift to the blasting subdrift; the plan and elevation sketches 9° 
open-stope development procedure and the location of blast holes are il 
trated in figure 2. Percussion drills are used in development work. 
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Figure 2.—Diamond drilling of blast holes, Anvil-Palms mine, Pickands 


Mather and Company, Bessemer, Michigan.. 
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Following the completion of development, diamond drilling of the blast 
holes in the drilling drifts is begun, holes being put down at each corner 
2a 5=- or 6-foot square; at times a center or "helver"™ hole is drilled if 
7pund necessary due to unusually hard ground. Holes penetrate to the blast- 
ine subdrift or drilling drift below, as the case may be, to permit clean- 
ing them thoroughly before the explosives-loading operation is started. 


4fter drilling operations are sufficiently advanced, so that blasting 
ef the holes can be begun, two rows of holes, crosswise of the vein, are 
s23te Blasting operations in the lower drilling drifts are kept somewhat 
‘n advance so that blasted ore will fall into the mill holes below. In 
‘ording, the bottom of a hole is first secured with o tightly driven wooden 
clung, following which the hole is loaded with dynamite, in strengths rang- 
ing from 45 to 80 percent, depending on the hardness of thc ground, which is 
from medium to very narde The too 2 to 3 feet of hole is stemmed with clay. 
rrimacord, connecting holes included in each blast, is used to detonate 
nnrges; Primacord is detonated with a blasting cap end safety fuse. Limit- 
“rg a single blast to two rows of holes permits acjusting the strength of 
lords in respective succeeding blasts to eliminate overcharging or under- 
chorging as far as possible. Secondary blasting is necessary at tines, but 
nost of the oversize lurms of ore are broken with air-overated (pevenent) 

reakers. : 

Broken ore drops throuzh the mills to the scraning drift below, where 
it is scraped into the raises and loaded into mine cars from chutes on the 
ncin level. 


The following excerpt taken from the pamphlet entitle "A Mining Method 
for Large Ore Bodies," by A. V. Corlett and Gs D. NeLeod,2/ lists linitin 
conditions for diamond—drill holes for blastings 


For successful mining by diamond-drill blast holes, conditions 
must be favorable as regards strength of wall, ‘holding up' qualities 
of the ore itself, and slope of the cre body. HEssential, or at least 
highly desirable concitions include the following: 


(1) The walls should be very strong and as free as nossible 
from faulting and Jointing. 


(2) The walls should not dip at less than 45° to 50°. 


(3) The ore should be tough and strong enough to allow a 
g.0d safe back over any benches.. 


(4) The ore body should be at least 30 feet wide, although, if 
the walls clean off well, mining by this method with a lesser width 
night be feasible. 


of Corlett, A. V., manager, and McLeod, G. D., mine suverintendent, 
Aldermac Covper Corporation, Ltd., arntfield, Quebec, Canada: A 
liining Method for Large Ore Bodies. 
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As the required "bull breakage" derends on having a wide, free 
face and heavy bench, it is quite evident that a very narrow end srl’ 
ore body could not be successfully mined by long diamond-—drill holss. 


The two ore veins in the Anvil-Palms mine are narrow, and the foots] 
is unstable, although it holds up long enough to permit retreat before csv 
rock mixes with blasted ore. 


Four diauond-drill machines of three different makes are in use ct th 
Auvil~Palms mine. All are operated with compressed air. "EX" bits, set ~ 
bortz, are used. From 50 to 200 linear feet of hole is Grilled with each 
before replacement with a new bit becomes necessarye Worn bits are returr 
to the manufacturer on 2 "salvage-trade-in-value" basis in the purchase 9° 
new bits. : | 


#& drill crew consists of a runner and a helper. It has been found 2 
young high-school grrduates s, rollowing a short trnining veriod, becone éxc 
Tent drill operators, their sole duties being confined to operation of thc 
drills. Development work is done by miners and blasting by a special bles 
ing crew. On an average, about &0 linear feet of hole a shift is drille¢ 
each Crewe . 7 


Anvil-Pelms mine officials consider the new stoping systen, in conze: 
with the dianond-drilled blast holes, to be a safe method of mining and 2: 
lieve that it will »rove +o be an economical method as well. Skess devel™ 
nent work is needed than is required in sublevel-caving and sublevel-stoz: 
operations.’ Although speedier drilling can be done in sone ground with % 
use of percussion drills, the deeper noles ‘made pos sible with dianond dri! 
offset such advantage, which is usually local. 


CONCLUSIONS 
In the Soudan mine: 


1. Some ground that is almost inmossible to drill with percussion ¢ 
is being successfully drilled with diamond drills. 


2. A maxinun of 12 feet.of hole a shift is drilled with a percussis 
drill conpared to 40 fect with a dianond drill. 


3. About three tines the hole footage ¢ can be drilled from a dianon? 
drill set-up than from a percussion-Grill set—up. 


Uy The thunderous and objectionable noise of percussion drills in « 
ing operations is elininated through the use of Pier drills. 


5« The cost of drilling blast holes with diamond drills is 35 verce 
less than with percussion drills when detachable bits are used. 


6. Percussion “rills in scence are pelne replaced by dianond drills 
rapidly as they can be obtained. About 60 percent of stone drilling is: 
done with diamond drillse 7 
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7. Diamond drilling in drifting operations is in an experimental stage, 
L complete replaccment of vnercussion drills with diamond drills is antici- 
ted. 
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1 the Anvil-Palms mine: 


- 


le. With diamond crills for making dee» blast holes, a system of open 
oning has been developed that is more suitable to mining the narrow ore 
ins than the sublevel-stoping and sublevel—caving systems otherwise in use. 


ee Difficulties of mining alongside the unstable footwall rock have been 
“~sely overcome in the use of the new stoping systen. 


3+ Although cormarative figures had not been obtained, more rapid drill- 
> 1s done with a diamond drill then with a percussion drill. 


4. An everage of 80 linear feet of hole a shift is obtained with each 
+—a2cnd drill. 


5e Fifty to 200 linear fect of hole is drilled with a bit before re- 
-~= €ment in diamond drilling. 


; 6. Dianond drilling of blast holes is temporarily suspended vending the 
~X>letion of development work on a new stoping areae 


: Based on dianond-drilling expericnce at the Soudan and anvil-Palnms mincs, 
- _ at other locations where this type of drilling is employed, it can be con- 
~<Led that the dust made while drilling blast holes is materially reduced as 
oe with wet-type percussion drills. Due to the ranid revolution of the 
“enond-drily bit and the pressure exerted on the bit in drilling, a constant 
eee water at the bottom of the hole is necessarily maintained, which mini- 
es ee quantity of dust from this sourcee On the contrary, although wet- 
2 Peis drilling is employed, this type of drill can be operated dry 
ea ig in starting holes. More or less dust is invariably made in 
Qwith dry drilling. 
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